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Abstract— This work proposes the driving of high power
Light-Emitting Diodes (LEDs) luminaires in three phase power
grids using each phase to drive an independent LED load. The
driving is done by means of a boost converter in charge of
controlling the current across its LED load. Moreover, each boost
converter needs to achieve Power Factor Correction (PFC) to
comply with IEC 61000-3-2 Class C requirements. Hence,
achieving unity Power Factor (PF) and low Total Harmonic
Distortion (THD). Taking advantage of the light properties, the
output of the LED driver will be the sum of the light of each of the
phases. Therefore, a theoretical study will be carried out to
observe the feasibility of removing the electrolytic capacitor while
guaranteeing a flicker free behaviour of the LED luminaire, even
if the current of each string is pulsating at twice the mains
frequency. In order to validate the study, a prototype has been
built comprised of three PFC boost converters disposing of their
electrolytic capacitors. The designed prototype operates in the full
range of the European three-phase line voltage, which varies
between 380 V and 420V, and it supplies an output light of 42.000
Im at a maximum power of 300 W while achieving an electrical
efficiency of 97.5%.

Keywords—Ac-dc power conversion, Power factor correction,
Three-phase power, LED driver, capacitor-less.

I. INTRODUCTION

Light-Emitting Diodes (LEDs) are becoming increasingly
ubiquitous across allaspects ofillumination products due to their
reliability, long lifetime, energy efficiency and low maintenance
requirements. These advantages make LEDs suitable to replace
traditional lamps in household, commercial and industrial
installations [1]. Specifically, this work focuses in replacing
high power lamps, i.e. 200 W to 10 kW, at almost inaccessible
locations, such as tunnel lights, stadiumspotlights or floodlights,
where access to the three-phase power grid is also available.

Conventionally, single-phase LED drivers need to comply
with both ENERGY STAR® [2], [3] and the harmonic injection
regulation IEC 61000-3-2 [4]. The first, requires the driver to
achieve an 0.9 Power Factor (PF) and a lifetime of more than
50,000 h in commercial environments. In fact, the lifetime is
considered as the elapsed operating time over which the LED
light source will maintain a 70% of its initial light output. The
second requires the driver to comply with Class C for lamps of
more than 25W. In fact, for three-phase LED drivers the
regulation is not clearsince the driver falls into Class A category
according to it being balanced three-phase equipment, or into
Class C becauseit is also lighting equipment. It is then the aim
of this work to comply with the most restrictive regulation,
which is Class C. In that case, each phase of the driver will be
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Fig. 1. Isolated three-phase rectifier. (a) Single-switch three-phase ac-dc
flyback LED driver. (b) Multicell three-phase ac-dc LED driver based on
using three single phase converters with fictional neutral connection.

required to demand a sinusoidal current in phase with its phase
voltage.

Considering that an LED driver needs to be cheap and
reliable, a three-phase single-switch driver will be ideal. Indeed,
a single-switch three-phase flyback converter [5], [6] has been
previously proposed to drive LEDs, seeFig. 1 (a). However, its
PF its roughly 0.9 for the highervoltages of the European three-
phase grid, its efficiency is well below the desired 90% for an
LED driver and the switch needs to withstand high voltages
unless a snubberis used [7]. These characteristic make this
driver unfitting for luminaries of more than 200W.

In accordance to previous literature, another feasible LED
driver for this application, which is able to comply with the
aforementioned regulation, is based on a modular approach,
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either with three cells [8], [9], or six cells to achieve higher
efficiencies [9]-[11]. The proposalofthese works to drive LED
luminaires is to use a cell based on eithera single-stage ora two-
stage approach perphase,see Fig. 1 (b), the latter being used for
higher power luminaires due to the limitations of single-stage
isolated solutions. Each cell is comprised of a boost converter,
able to achieve Power Factor Correction (PFC) followed by a
fixed-gain isolated step-down dc-dc converter to adequate
voltages and currents to that ofthe LED string [12]. Similarly to
the two-stage single-phase ac-dc solution, the second stage
could be implemented by means of an LLC [13], an
Asymmetrical Half-Bridge (AHB) [14] ora Zeta AHB [15].

The galvanic isolation of the second stage is required in this
driver to connect the outputs ofeach cell in parallel to the LEDs,
as shown in Fig. 1 (b). The parallel connection is necessary to
eliminate the electrolytic capacitor, otherwise present in
single-stage ac-dc converters, without controlling the second
stage for that matter. However, this solution requires an
excessive amount of components, which would hinder its
reliability. Considering the aim ofthis work for low maintenance
lamps placed in relatively inaccessible locations, galvanic
isolation can be disposed of, as only authorized personnel should
have access to the luminaire.

Some authors have tackled the design of three-phase
non-isolated LED drivers based on switched capacitors [16].
These drivers can achieve high power density, high efficiency
and do not require current sensing to maintain a stable light
output. In contrast, the proposal requires variable frequency
operation, cannot achieve full dimming condition and requires
six active switches, which similarly to the multi-cell approach
previously described will hinder the reliability of the driver.

In order to solve the reliability and costissues,the proposal
ofthis work is based on eliminating the isolated dc-dc converter
that comprises the multi-cell approach, depicted in Fig. 1 (b).
Hence, directly connecting an LED string to each PFC, as shown
in Fig. 2. It should be noted that, this driving approach is based
on using High Voltage (HV) LEDs, considering the LEDs are
connected toaHV bus. The HV LED driving approach has been
studied by a handful of authors thanks to the newer LEDs
recently introduced in the market, showing promising results to
reduce cost and increase the reliability of drivers [17].

The main benefit that all the previous three-phase LED
drivers share is the disposal of the most limiting component in
terms of lifetime, which is the electrolytic capacitor. This is
achieved due to the non-pulsating power at the load in a balanced
three-phase power grid. In the proposed driver the size of the
output capacitorofeach cell (i.e. Cr, Cs and Cr, referred as Cx)
cannot be diminished, if a constant current is to be assured to
drive each string. In order to comply with the lifetime
requirements of ENERGY STAR®, this work analyzes the
reduction of Cx, allowing a certain ripple to appear in terms of
the current across the LEDs. This ripple will modulate the
amplitude of the light due to the well-known relationship
between current and light on an LED [18], hence, causing a
perceptible flicker on each phase. It should be noted that, this
current modulation of'a low frequency ac signal plus a dc signal
does not have any impact in terms of the lifetime of the LEDs
[19]. In contrast, the perceptible flicker both annoying and
hazardous for human beings is not an issue for this solution,
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Fig. 2. Proposed LED driver based on a modular approach without galvanic
isolation.

considering that the low frequency modulation of the light is
cancelled between phases, rendering a constantlight output[20].

Therefore, the aim of this work is studying the feasibility of
removing the electrolytic capacitor in the proposed solution by
means of an analytical study which is carried out in Section II.
Section III focuses on the experimental results obtained with
three PFC boosts working as cells, each handling a maximum
power of 100 W. This results lead to the discussion of the
conclusions extracted from this work in Section IV.

II. WORKINGPRINCIPLE

The proposed driver takes advantage of the sum of'the light
output of each cell to guarantee a flicker free behaviour while
disposing ofthe second stage required in a multi-cell three-phase
LED driver. Understanding the operation of the boost converter
as a Loss Free Resistor (LFR) is key to guarantee compliance
with the harmonic regulation, disposal of the electrolytic
capacitor and the ability to achieve full dimming. A boost
converter is able to perform as an LFR by means of control,
either working in CCM with a Multiplier Based Control (MBC)
[21] or in Boundary Conduction Mode (BCM) [22]. This
operation guarantees aresistor behaviourat its input by shaping
the input current in accordance to its input voltage, and whose
value, Rrirr, depends on a control variable. The output
performance is that of an ideal power source that depends on the
demanded input power. In fact, by considering the boost as an
LFR, Fig. 2 can be redrawn as Fig. 3, where the LEDs are
replaced by theirequivalent circuit comprised of: an ideal diode,
an equivalent dynamic resistance (rLep) and an ideal voltage
source, representing the knee voltage of the diode (Vy_LEp). The
circuital problem is then reduced to a star network of equal
resistors (i.e. RLprrR=RLFrRs=RLFrT) at the input, and an ideal
power source feeding both the output capacitor and a string of
LEDs at the output ofeach cell.

The first study carried out is to estimate the theoretical ripple
of the low frequency component that modulates the output
luminance of'the driver (Lo) without an output capacitor. Then,
the study will be completed using an output capacitor.
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Fig. 3. Proposed HB-LED driver based on a modular approach without
galvanic isolation.

In order to calculate Lo(t), the currents through the LEDs,
ior(t), los(t) and io1(t), needs to be determined. Considering the
sum of these currents to be proportionalto the light supplied by
the LEDs. Hence,

L, =0 (ior O +is O+iyr ©), (1

where o represents the proportionality between the low
frequency modulation of the light and the current through the
LED:s.

A. Without output capacitor

This first study will shed some light on whether it is feasible
to achieve a non-flicker performance when driving the LEDs
with pulsating currents. The current through the LEDs can be
obtained by analyzing and solving a simple circuit of a power
source in parallel with the LEDs. Hence,

Px ® :iix ® NI gp +iox (t)nv“/fLED ’ @

where X represents the phase under study, R, S or T which are
given a fixed value to unify and simplify the analysis.
Consequently, X is equalto 0 for phase R, 1 for phase S and 2
for phase T. Thatbeing said, solving iox in (2), renders,

'nvv,LEDJr\/ nzv%/,LED—H‘anED px(®)

20t gp

©)

i (@)=

where,
2n
— 02
pX(t)—lngsm (cot-X 3 ), 4

V; and Ig are the mains peak input voltage and current,
respectively,and o is the mains angular frequency.

By operating with (1) and (3), the output luminance can be
obtained. However, this is not a practical expression and
conclusions cannot be easily drawn from it, unless it is processed
by a numerical computing environment. For that matter and
considering that this is a periodic waveform, the Fourier series

can be applied marking the 60" harmonic as the limit in
accordance to the flicker regulation, obtaining,
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are the maximum and minimum luminance of the LED
luminaire, obtained from combining (1) and (3) and solving at
ot= 0 and ot = n/2, respectively, and Py is the peak input power
(ie. Pg= Vglg) of one of the phases, considering that ideally all
the phases demand the same amount of power.

In (5), it can be seen that the output luminance is comprised
of a dc and a sinusoidal component of six times the line
frequency. If rLeDp is considered to be negligible, then (6) and (7)
can be approximated by,

3a Pg
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Besides, the deviation between Lmin and Lmx becomes
remarkable for the higher values ofrLep (i.e.> 100 Q), which are
notachievable by the newer LEDs in the market. Hence, Lo can
be approximated to be a constant value close to either Lyux or
Lmin, not showing any flicker on the light output in ideal
conditions.

This analysis is able to validate the removal of the output
capacitor. However, even if this operation is desirable in terms
of light output, it is not from the perspective of the current
supplied to each LED string due to the high current ripple
withstood, which will require the LEDs to be oversized or
duplicated to handle it. Therefore, a study needs to be carried out
to evaluate the adequate size of the output capacitor in terms of
the output current ripple in order to adequate the current levek
while still using a film or ceramic capacitor with an acceptable
lifespan.

B. With output capacitor

The addition of an output capacitorrequires to start over the
mathematical analysis previously carried out. For that reason,
(2) canbe rewritten as,

dvox(®
B (D=C Vox 0 2 v iy O, ©

where vox(t) can be defined as,

Vox(© :nVy_LEDJrioX Onrgp. (10)



where Cx defines the capacitance of the output capacitorof one
of the cells that comprise the LED driver, as seen in Fig. 2.
Equation (9) is a complex differential equation that requires to
know beforehand the mathematical expression of the solution.
Fortunately, it is known that the output current should follow the
expression of a sinusoidal waveform at twice the line frequency
with a certain dc level. Hence,

) ) 2n
iox =, sin (th—(p- 3 X) il T an

where I, is the peak value ofthe ac component, I is the dc level
of'the output current and ¢ represents a phase delay. Substituting
(11) into (9), is the start point of this mathematical analysis in
order to attain the three aforementioned parameters (i.e. lac, lac
and ¢). The study forphaseR yields,

P, sin’(ot) = 4,1, .cosQut-¢) + 4,1, .sinQwt-¢)
(12)

L
lac
+ < 5 +I, anED+IanVY—LED R
if the fourtimes the line frequency components are removed and
losses arenot considered, where A1 and A» are defined as,

Ay=Cxnrigp (nrppl 0V, )20, (13)

4= (2nmgpl, iV, ). (14)

Grouping components in (12) in terms of the dc and
sinusoidal components of double the line frequency renders,

P, (L
7— 7+IdC anEDﬂdchLLED’ (15)

and
-P,
> cosQot) = A I .cosQot-9) + A, I sinQot-g) . (16)

Looking at (15) and (16), it can be seen that both equations are
dependent of I.c and Ig¢c which gives a system of two equations
and three unknown variables. In order to attain a useful model
from an engineering perspective, there is one simplification that
can be performed, which is removing Iac from (15). This is a fine
approximation that dramatically decreases the complexity ofthe
solutions. It can be performed considering that the maximum
achievable value of I.c is equal to Iqc obtained without an output
capacitor. In fact, this approximation can only be performed for
an LED string, having an error of less than 5%, due to the lower
impact of the current on the output voltage. Hence, lac can be
easily obtained by solving a second degree equation as,
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In order to attain .. and @, it is necessary to solve (16). This
equation can be simply solved by applying wave superposition
theory, which is widely used in other fields of study [23],
reducing the problem to the sum of two plane waves with
different amplitude. Hence,

—-P
e =, (18)
2,/A% + A2
(T4
@ =tan ) (19)

1

Having calculated all the parameters, a relationship between
the required output capacitance for a certain peak-to-peak
current ripple (AI) can be made from (18), as,

2
1 P2

2 2"
anED (anED Idc+nVV7LED> 2(,0 4IdCAI

Cx= A3 (20)

At this point it is possible to study the impact of varying the
output capacitor value on the output current by solving (17), (18)
and (19) into (9). Fig. 4, shows this variation for the real data
used in the experimental results section at maximum power, as
can be seen, if an output capacitor of 1 pF able to filter the
switching frequency ripple is used, there is almost no impact in
terms of the amplitude of the mains frequency compared to the
scenario without output capacitor. The filtering of this lower
frequency starts to be significant from 10 uF onwards. In
summary, this analysis show that it is possible to diminish the
ripple enough without using an electrolytic capacitor, likewise,
it is necessary to foresee under this conditions whether it is
possible or notto obtain a constant dc light output.

Substituting (11) into (1), gives the light output waveform of
the proposed converter with an output capacitorin each cell, as

L,®©=3al,., 21

taking into account that the sinusoidal components cancel each
other. Hence, it is feasible to attain a constant light output with
a non-electrolytic capacitorthat is also able to reduce the current
ripple to acceptable levels.

1. EXPERIMENTAL RESULTS

For the sake of validating the proposalof this work to drive
LEDs in three-phase power grids, a prototype has been built
controlling three boost converters working in CCM with an
MBC. The control of each cell is performed with the help of an
analog IC, particularly the UCC3817 widely used for PFC. The

e C_ = 0 pF
0.35 S
— G =1p
0.3f CX =10pF
025 — CX =50uF
Z : —— C, = 5004
- 0.2
£
5 0.15;
Q
0.1
0.05r
‘l’} 1 1
0 /2 T 3n/2 2

Line phase

Fig. 4. Output current versus line phase in terms of the output capacitor.



LED driver is designed in such a way that each cell is required
to drive two strings in parallel of 20 LEDs (L150-
5770502400000), which are equivalent to 490V at 100W. The
number of LEDs selected in series on a string is not done
randomly and is picked ensuring that the sumof knee voltages
from the LEDs in a string at the operating temperature is higher
than the maximum input voltage in the worst case scenario of
the power grid, which is around 400 V for the European power
grid. This fact is based on the inherent behaviour of a boost
converter which is only able to increase the voltage at its input.
Otherwise, the driver would not be able to guarantee full
dimming operation.

The components that comprise each of the cells are
summarized in Table L.

Fig. 5, shows a picture of the designed prototype with its
three cells, its central control unit and the designed luminaire.
The central control unit is in charge of two functions, the first
one being the start-up of the LED driver, and the second, giving
the command to each cell to provide the LEDs with the same
average current. In terms of the start-up, it can be tackled in a
similar fashion to [24], [25]. Following the same principle, the
cells are off at the start of the LED driver until the output
capacitors are all charged to the maximum voltage achievable in
astarconnection throughthe inrush current diode, at which pomnt
all the cells are started up. Hence, an isolated signal is given to
the controlunit of each cell to start-up the boost converter. In the
picture, it can also be seen that the LED strings are distributed
between phases in order to ensure a better blend of the light.

A. Output capacitor analysis

The first experimental analysis is carried out in order to
validate the operation of one of the cells when it is connected to

TABLEI. SUMMARIZED CELL COMPONENTS
Fig. 2 reference VALUE
Li,L,andL; 1.7mH
Q1,Q2and Qs IPW65R190C7
Di, D; andD;s IDH06SG60C
CR, Cs and CT
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Fig. 5. Photographof theexperimental setup.

a single-phase power grid at its input and an LED string at its
output with a high current ripple and voltage.

In that sense, Fig. 6 shows that the inputcurrent is adequately
in phase with the input voltage ensuring, as expected, an LFR
performance at the maximum output power of the cell (ie.
100 W) while working in CCM. Particularly, Fig. 6 (a) depicts
the high current ripple due to the use of a 10uF and the light
output measured with a transimpedance amplifier (TSL-257),
located at a fixed distance of 20cm, which supplies at its output
a certain voltage, vL, depending on the light falling upon the
photodiode. In contrast, Fig. 6 (b) shows the voltage withstood
by the LEDs for this scenario in which the lowest voltage never
falls below the 400 V mark setbefore. However, this is the best
case scenario, as the lowest current is far from being zero to test
whether the selection of LEDs is acceptable. In order to ensure
an adequate performance in terms of its output voltage, Fig. 7,
shows a snapshot of the oscilloscope when dimming the driver
to an output power of 25 W, in which it can be seen that the
output current reaches zero, and it is at this point where the
minimum output voltage is reached being slightly higher than
400 V.

Although, the operation for an LED load has been validated,
the analysis carried out in terms of the output capacitorhas not.
For that matter, Fig. 8 summarizes three different measurements
of current across the LEDs performed at maximum output power

2,00/ S00mAY 3 100may 4 200vF 5.000ms/ 0.0s Stop
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Fig. 6. Standalone operation of one thecells that comprise the LED driver at
maximum power, depicting both input and output current, input voltage, and
(a) light output measurement or (b) output voltage measurement.



after being extracted from the oscilloscope, considering the only
variable that changes in the cell is the value of the output
capacitor. As expected, the higher the value of the capacitance,
the lower the current ripple. In fact, if these measurements are
compared with the ones from the prior mathematical analysis,
depicted in Fig. 4, for their respective capacitance value, it can
be seen that the developed model is extremely accurate. Please
note, that the difference between phases in Fig. 4 and Fig. 8 can
beexplained due to the phase shiftintroduced by the trigger, see
Fig. 6.

B. Evaluationin areal three-phase power grid

After having wvalidated the operation of the cells
individually, the driver has been assembled and connected to the
real three-phase power grid by means ofa three wire connection.
Under these conditions the waveforms presented in Fig. 9 have
been obtained from the oscilloscope at maximum load, i.e.
300 W. Fig. 9 (a) depicts the input waveforms of the three-phase
LED driver, where it can be seen that for phase R the LFR
performance is achieved. Consequently, it can be assumed for
the other two phases, considering the phase-shift between the
currents. Moreover, Fig. 9 (b) shows the current across the LED
strings for each of the cells presenting extremely similar current
levels. Its sum, measured again with a transimpedance amplifier

100/ S00mAS 3 100ma 4 200 A .000ms/ 00s Stop

i,r(100mA/div)

VR(200V/div)

iR(500mA/div)

Fig. 7. Standalone operation of one thecells that comprise the LED driver at
a quarter of the maximum output power.
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Fig. 8. Output current across the LEDs when varying the output capacitor of
the cell.
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Fig. 9. Experimental waveforms at maximum load. (a) Input voltage and
currents. (b) Output currents and light output.

in this case at a fixed distance of 60 cm, is comprised of a dc
level with a low frequency ripple at 300 Hz. Considering the
amplitude of this ripple the light output of the driver can be
considered to be constant.

The almost constant light output of the driver validates the
analysis carried out. However, the low frequency ripple needs to
be evaluated to ensure a flicker free performance. In that respect,
the IEEE standard 1789-2015 will be used to limit the biological
effects and detection of flicker in general illumination. In order
to achieve this performance the modulation (%), normally
referred as Mod. (%), should be kept withing the shaded region
defined in [26] for all the harmonic components of the light
output. Consequently, the Mod. (%) for each of the harmonics
can be defined as follows,

LH ,max (m) - LH ,min (1’1’1)
LH,max (m)+LH,min (m)+de

Mod.(%) (m)= 100, (22

where m defines the number of the harmonic in reference to the
fundamental one, Lqc represents the average luminance of the
LED driver, and Ly mx and Ly min correspond to the maximum
and minimum luminance for harmonic m, respectively.

The luminance over time of the LED driver has been
obtained for a line period and has been processed with
MATLAB in order to attain the harmonic components with the
help of the Fourier series, considering the line frequency as the



fundamental frequency. Fig. 10 shows that the Mod. (%) of all
the harmonic components 50 Hz to 3 kHz fall under the shaded
region which represents the recommended operating area from.
A flicker free performance ofthe proposed LED driver can then
be assured from this analysis.

C. Electrical performance

The proposal of summing the light output of each cell has
been validated for the proposed LED driver. However, there are
two characteristics that need to be evaluated before closing the
analysis. The first one is the compliance with the regulation
IEC 61000-3-2, in which the input current harmonics at
maximum power are compared with the limits set in the
aforementioned regulation for each of the phases. Fig. 14
summarizes the results from this comparison assuring
compliance with the regulation.

In that sense, there are a few parameters that can be of
interest from the point of view of the input current quality, as are
the THD and PF. These parameters are summarized in Table I
for three different input voltages with their respective efficiency
at full load. As can be seen, the measured THD is about 7% and
the PF is 0.99, furthermore, the LED driver presents an
efficiency of 96.9% for the lowest input voltage and 98.2% for
its maximum.
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Fig. 10.Recommended flicker operation for the proposed LED driver [26].
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TABLE IL SUMMARY OF THD, PF AND EFFICIENCY FOR DIFFERENT
INPUT VOLTAGES
Phase/ Max.
input voltage R S T
THD [%] 6.7 6.8 7
380 Vrms PF 0.997 0.997 0.997
Efficiency [%] 96.9
THD [%)] 6.7 7.1 7.3
400 Vrms PF 0.995 0.995 0.995
Efficiency [%)] 97.5
THD [%] 7.4 7.6 7.9
420 Vrms PF 0.992 0.992 0.997
Efficiency [%] 98.2
98
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Fig. 12.Electrical efficiency measured under different dimming conditions at
400 Vrms.

Finally, the efficiency has been measured under different
dimming conditions at 400 Vrms, as shown in Fig. 15, obtaining
amaximum efficiency of 97.5% at full load, which is equivalent
to 42.000 Im, outputting a luminous efficacy of 140 Im/W.

I'V. CONCLUSIONS

The presented three-phase ac-dc LED driver is aimed for
high power luminaires that require a long lifespan, generally in
inaccessible places. Hence, the removal of the electrolytic
capacitor becomes critical in this very application. This fact is
possible in balanced three-phase ac-dc converters due to the
non-pulsating behaviour of the power grid. However, high
power luminaires would require a modular two stage three-phase
solution which increases the cost and reduces the reliability.
Furthermore, the compliance with the most restrictive harmonic
regulation reduces the possible converters that could be used for
this task. The proposalofthis paperdisposes ofboth the second
stage and the electrolytic capacitor, reducing cost and increasing
both lifespan and reliability of the LED driver, by taking
advantage ofthe properties of the light in order to sum the light
output ofeach phase. In contrast, galvanic isolation is sacrificed
in this solution in pursuit of higher efficiencies, since it is no
longer required to connect the output ofthe cells.

In order to remove the electrolytic capacitor from the boost
PFC that comprises each cell, a study is carried outto diminish
the its size by considering the feasibility of driving LEDs with
high currentripples while achieving a constant light output.



In summary, the experimental results have shown an LED
driver capable of achieving a constant light outputthat meets the
flicker regulation, compliance with the harmonic injection
regulation and a high efficiency. In fact, the efficiency increase
compared to three-phase state of the art LED drivers is not
inconsequential, improving those solutions by more than 6%
efficiency [7], [9], [11], [16]. Furthermore, the control of the
LED driver is not more complex or costly, becoming a
possibility the input parallelization of cells per phase, to further
increase the power capabilities of the driver, without increasing
or changing the central unit. These reasons make this driver an
ambitious solution to drive LEDs in three-phase power grid
when galvanic isolation is not required.
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